Local tumor persistence in the pelvis is the major cause of death in patients with recurrent gynecological cancer. Pelvic exenteration has been the only treatment option providing a chance for cure in selected patients. The aim of this study is to analyze the efficacy of stereotactic body radiosurgery (SBRS) in patients with recurrent gynecological cancer. Sixteen patients treated with SBRS were analyzed retrospectively. The majority of the patients had cervical cancer. Eleven patients had a history of prior radiotherapy either as postoperative adjuvant external beam radiotherapy (EBRT) with a median dose of 50.4 Gy (range 45-60 Gy) or definitive chemoradiotherapy as EBRT and high dose rate brachytherapy with a dose of 85-90 Gy low dose rate equivalent to point A. The prescribed dose of SBRS was 15-40 Gy (mean 26.6 Gy) in 3-5 fractions. Five patients with no prior radiotherapy received additional EBRT before SBRS. The median follow-up in all patients is 12 months (range 3-36 months). Six patients (37.5%) showed complete radiological and functional response to salvage SBRS. Six patients (37.5%) showed partial response and 2 (12.5%) showed stable disease. One and 2 year overall survival rates are 60.3% and 40.2% respectively. Progression free survival is 59%. All patients with complete response after SBRS are alive with no evidence of disease with a median follow up time of 20 months. SBRS is a promising treatment modality with high local control and reasonable complication rates in selected patients with recurrent gynecological cancer.
INTRODUCTON
Advanced stage gynecological tumors and their corresponding recurrences share unfavorable prognosis. The recurrence rate of cervical cancer is in the range of 10-20% in early stages and 50-70% in locally advanced disease. [1] [2] [3] Patients with recurrent or persistent disease have very poor prognosis with reported one year survival rate of 15-20%, local tumor persistence in the pelvis is the major course of death. 3, 4 Treatment options depend on the previous treatment, site and extent of the disease, and patient's general condition. Pelvic exenteration, first introduced by Alexander Brunschwig in 1948 has been proven to be the only treatment option providing a chance for cure especially in patients who received prior radiotherapy. 5 Since the main goal of surgery is complete removal of the tumor with free margins, the indication for pelvic exenteration is restricted only to central pelvic disease. 6 Stereotactic body radiosurgery (SBRS) is a novel treatment modality which allows high radiation dose delivery in a co or non-coplanar fashion with high precision in a single or few fractions utilizing a linear accelerator mounted on a robotic arm. In recent years though having limited number of patients and follow-up time, encouraging results have been published with SBRS in recurrent or metastatic tumors located in abdomino-pelvic and thoracic sites. [7] [8] [9] [10] In this study we aimed to analyze the clinical outcome and the toxicity with salvage SBRS in patients who developed recurrence after primary surgery and/or radiotherapy or radiochemotherapy.
PATIENTS AND METHODS
Between October 2007 and July 2010, 16 patients with recurrent gynecological cancer were treated with SBRS in Hacettepe University Faculty of Medicine, Department of Radiation Oncology. Patient characteristics are listed in Table 1 . The median age at the time of SBRS was 61 years (ranged 43-77 years). The majority of the patients had cervical cancer. Eleven out of 16 patients in our series had a history of radiotherapy either as postoperative adjuvant external beam radiotherapy (EBRT) or definitive chemoradiotherapy (CRT). Prior postoperative EBRT dose was in the range of 45-60 Gy with a median dose of 50.4 Gy. Three patients with diagnosis of locally advanced cervical cancer had been treated with a course of EBRT and concomittant cisplatin based chemotherapy in addition to high dose rate brachytherapy (BRT). The prescribed dose to point A with BRT and EBRT was 85-90 Gy low dose rate equivalent.
The median time to recurrence or progression of the disease after primary treatment was 20 months with a range of 6-63 months. Site of recurrence was central pelvic in 9 patients and parailiac (n= 4), pelvic side wall (n= 2) and low paraaortic (n= 1)in 7 patients. Four patients had undergone one or two salvage surgeries and 4 patients were treated with chemotherapy before SBRS. Four patients with no previous radiotherapy history were given a course of external beam pelvic radiotherapy with concomitant cisplatin based chemotherapy and one patient with a history of previous pelvic radiotherapy who developed paraaortic recurrence received paraaortic irradiation before SBRS. The prescribed dose of external radiotherapy in these patients was in the Statistics: Overall survival, survival after reirradiation, progression-free survival, and survival curves were computed using the Kaplan-Meier method and compared using the Cox-Mantel log-rank test. All statistical analyses were performed using SPSS v.15.0 for Windows.
RESULTS
After SBRS all patients were routinely followed up at 2, 4, and 6 months and quarterly thereafter. At each visit a thorough general physical examination in addition to gynecological examination was performed. Routine magnetic resonance imagings (MRI) at 2 months and PET scan at 4 months after SBRS were also performed in all patients. Additional MRI sections were taken twice annually in patients who showed complete radiological response. Routine blood tests and chest radiograms were taken in each visit.
The follow-up time after salvage SBRS is 12 months (range 3-36 months). One and 2 year overall survival after SBRS is 60.3% and 40.2% respectively ( Figure 1 ). The corresponding figure for progression free survival is 59% (Figure 2 ). Six out of 16 patients (37.5%) showed complete radiological and functional response to salvage SBRS and were alive with no evidence of disease at the last visit. The median follow-up in these patients is 20 months (range 5-36 months). Six patients showed partial response and 2 had stable diseases. Only one patient developed local disease progression after SBRS. Three patients, one with progressive, one with stable disease, and one with partial response after SBRS died because of disease. All three patients who died of disease developed distant metastases and lungs were the site for distant metastases.
Four patients with partial response after salvage SBRS died from other causes. One patient was lost to follow up and 2 other patients were alive with evidence of disease. One out of two patients with evidence of disease showed partial response after SBRS. However she developed peritoneal dissemination and was given salvage chemotherapy. The other patient with stable local disease is in close follow up without any further treatment and showed no other signs of disease progression at 6 months. All patients were studied for quality of life using RTOG scoring system. 11 Three patients (19%) developed grade 4 late complications either vesicovaginal or rectovaginal fistulae or subileus attack. Another patient who had a history of diabetes mellitus and a diagnosis of arteriosclerosis in the iliac artery developed a thrombus in the right iliac artery. Three patients (19%) developed G2-3 proctitis, and 1 patient experienced lymph edema in the lower extremity.
DISCUSSION
Clinical management of locoregional relapses from gynecologic malignancies after multiple previous treatments is challenging. Bulky recurrences can cause severe cancer related complications that worsen the quality of life. Salvage treatment options, including exenterative surgery and chemotherapy, produce very low cure rates with a cost of high complication rate. In one study by Fleisch et al, 203 patients with locally advanced or recurrent cancer were treated with pelvic exenteration and 5 year overall survival has been shown to be only 21.5% in total and 32% in patients with R0 resection. 12 The complication rates for radical exenterative surgery can be as high as 75% for early and83% for late complications. [13] [14] [15] Systemic salvage chemotherapyis mainly considered palliative due to low response rates and negligible impact on long term survival. In a literature review by Pectasides et al 16 , the response rates to single agent chemotherapy ranged between 7-68% with the highest rates reported with cisplatinum. Both topotekan and paclitaxel in combination with cisplatin have yielded superior response rates and progression free survival rates without diminishing the quality of life. Though combination chemotherapy regimens produced higher response rates, the median survival after combination chemotherapy is still poor and less than 12 months in most trials.
SBRS is a novel treatment modality which allows high radiation dose delivery in a co or non-coplanar fashion with submilimeter precision utilizing a linear accelerator mounted on a robotic arm. The dose fractionations used in SBRS ranges from 6-34 Gy per fraction and the aim is to achieve more potent radiobiological dose which is presumed to produce improved outcome. The precisely distributed dose also gives the opportunity to spare the normal tissues in vicinity. In a dosimetric study performed by Cengiz et al. 17 , when compared to high dose rate brachytherapy, SBRS plans had better target coverage and better sparing of critical organs. SBRS is used mainly for small non metastatic primary cancer and oligometastases. Several phase II trials have shown encouraging results in early stage lung and primary hepatocelluler cancer in addition to lung and liver oligometastases. 8, [18] [19] [20] [21] [22] Similar excellent results in pain relief and local control have also been reported especially in patients who had been treated with spine SBRS. 8, 23 In recent years several prospective trials were conducted in prostate and renal cell carcinoma, well known as being radioresistant to conventional irradiation, and early results were mainly successive without any significant increase in complication rates. [24] [25] [26] SBRS has also been used as a salvage treatment modality for patients with recurrent head-and-neck cancer. 27 Good local control was achieved with a relatively high rate of morbidity and related mortality in that study.
Tumor persistence or recurrence within the pelvis, not the metastatic disease, is the major cause of death in patients suffering from cervical cancer. A successful local treatment can produce high cure rates in these patients. However despite aggressive surgical approaches and new chemotherapy regimens patients with recurrent disease have very poor prognosis with one year survival rate between 15 and 20%. 28 Theoretically SBRS has a great potential in the management of recurrent and locally advanced gynecologic cancer. The complete and total clinical response rates of SBRS in our patients with recurrent cancer are 37.5% and 75% with one-year progression free and overall survival rates of 59% and 60.3% respectively which are higher than conventional salvage treatment options. Similar to our results, Guckenberger et al reported 81% local control at 3 years, 59% median survival at 2 years with SBRS in 19 patients with recurrent cervical or endometrial cancer. 10 Deadoto et al on the other hand reported 66% of complete clinical response and 63.6% 2 year overall survival with SBRS in patients with recurrent gynecologic cancer. 9 The main concern of salvage SBRS is the potential severe late toxicity. Grade 4 late toxicities for genitourinary and gastrointestinal systems after SBRS in our patients is 19%. In addition one patient developed a thrombus in the iliac artery and a surgical procedure had to be done. However she had predisposing medical conditions as having diabetes mellitus and previous history of atherosclerosis of the affected artery. Eleven patients in our series had been treated with external beam radiotherapy as initial treatment before recurrence and 4 patients who did not receive previous radiotherapy were given 45-50 Gy external radiotherapy before SBRS. Furthermore the majority of our patients received one to three major surgeries either as initial treatment or at the time of recurrence. Our late complication rates are comparable to Guckenberger et al. s' who reported 2 intestino-vaginal fistulae and 1 grade IV small bowel ileus in 19 patients treated with salvage SBRS. 10 Successful local treatment of locally recurrent gynecological cancer may lead to high cure rates. SBRS in this regard is a promising treatment modality with high local control rates and reasonable complication rates.
